For the reduction of exposure dose in contrast media detection with x-ray transmission measurements, the energy measurement of x-rays and the energy subtraction (ES) method have been shown to be effective. To make the ES method applicable, a novel detector for unfolding the x-ray energy distribution was proposed by the authors. As an application of this novel detector, a CT image was reconstructed with ES data and compared with the image reconstructed using electric current data.
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Introduction
For the reduction of exposure dose in x-ray diagnosis, the authors have proposed the energy measurements of x-rays; in conventional x-ray diagnosis, x-rays have been measured as electric currents. In the case of detecting contrast media such as iodine, which concentrates in cancers, the x-ray events in the energy ranges lower and higher than the energy of the K-edge of iodine are utilized. Using an additional filter made of materials for which the atomic numbers are slightly higher than that of iodine, unnecessary x-rays, which do not give information on the contrast media, are reduced. This method is termed the filtered x-ray energy subtraction (FIX-ES) method. Using the FIX-ES method, the exposure dose could be reduced to 30% of that when a filter is not employed. [1] Furthermore, the FIX-ES method was shown to be twice as sensitive to iodine as the current measurement method. [2] Journal logo Although energy measurement in x-ray diagnosis has some advantages over the current measurement method, it is not applicable to practical x-ray diagnosis, as the energy measurement of x-rays takes a longer time than the current measurement does. During the time required for the accumulation of xray events to produce an energy spectrum, the subject, and the internal organs, would change their positions.
For a quick acquisition of energy information of incident x-rays, the authors invented a novel detector called the transXend detector, which consists of several current detectors arrayed along the line of xray incidence. The energy distribution of incident xrays is determined from the measured currents. The transXend detector was shown to be useful in estimating the thickness of iodine in an acryl phantom. [3] In this paper, the transXend detector is briefly described and then used in a CT measurement.
TransXend detector
A schematic drawing of the transXend detector is shown in Fig. 1 . The detector consists of several current detectors, which are aligned along the line of x-ray incidence. Low energy x-rays are absorbed by the forward segment detectors and never reach the back segment detectors. On the other hand, parts of high energy x-rays are absorbed by the back segment detectors.
With the currents measured by the segment detectors, the energy distribution of incident x-rays is obtained using the unfolding technique.
In the unfolding process, the response function of each segment detector is required. The response function could be estimated using a simulation code, such as EGS5 [4] , in the case of the energy deposition by x-rays being directly reflected by the measured current. If the energy deposition and charge creation are not directly related, as is the case for scintillators, the response function can be estimated using experimental data as reference points [3] . After obtaining the response function, the energy distribution of incident x-rays is estimated using unfolding code, SAND II. [5] The iodine thickness results for the example of a 30 mm thick acryl phantom are shown in Fig. 2. [3] 
CT measurement
The experimental setup is shown in Fig. 3 . The employed x-ray tube was a TRIX-150S (Toreck, Co. Ltd., Japan). As additional filters, 2 mm thick Al and 100 µm thick La were used. As the transXend detector, a CsI(Tl) scintillator array (S5668-11, Hamamatsu Photonics K. K., Japan) was used. The surface was also covered with TiO 2 . In the experiments, the first two scintillators were connected together and behaved as segment detector No. 1. In the same way, 12 scintillators out of 16 were employed in total, providing a 6-channel transXend detector. A cylindrical acryl phantom with a diameter of 40 mm was placed between the x-ray tube and transXend detector. In the center of the phantom, a hole of 10 mm diameter was bored for iodine tinker thinned by water, i.e., 10 µm iodine thickness in 10 mm water thickness. The acryl phantom was placed on a x-θ precision stage.
The currents from the transXend detector were amplified by a 6-channel current preamplifier (IPA-6, Raytech Corp., Japan) and read simultaneously by timer-counters with voltage-frequency converters (VFCT-8S4, Laboratory Equipments Corp., Japan). A computer with LabVIEW software controlled the precision stage and the timer-counters.
The CT image was reconstructed from the summed current of segment detectors 1-6 at each measurement point and is shown in Fig. 4 (a) .
To produce energy subtraction (ES) CT data, energy distributions of incident x-rays at each measurement point were unfolded. As the first step, response functions of each segment detector were prepared; in this unfolding process, the response functions for the acryl phantom thickness of 30 mm, which we obtained earlier in proving the capability of the transXend detector [3] , were employed. As initial guess spectra, x-ray energy spectra were calculated for the cases of water thickness of 0 to 80 mm with steps of 1 mm and iodine thickness of 0 to 20 µm with steps of 1 µm. By employing the spectrum surveillance method in the unfolding process using SAND II code, the x-ray energy distribution giving the minimum σ we reported earlier [3] was found for each measurement point. For x-ray events in the energy ranges 28-33 keV and 34-39 keV, φ 1 and φ 2 and thus the ES data φ 1 /φ 2 were obtained. The CT image reconstructed by the ES method is shown in Fig. 4 (b) . The CT profiles at the center of the phantom are shown based on the current and ES CT images in Fig. 5 .
In the current measurement, a difference in CT values in the iodine and acryl regions is barely seen. On the other hand, the CT value in the iodine region differs clearly from the one in the acryl region in the ES measurement. The CT value for the ES method has been shown to be proportional to the iodine thickness [6] . An iodine thickness of 1 µm could be detected with the ES method because the CT value differences between the center and fringe of the iodine region is nearly 0.02 using the ES method whereas it is 0.002 using the current method.
Conclusion
The ES method has been shown to have an advantage over the conventional current measurement method in an x-ray transmission measurement and x-ray CT measurement. The energy measurement, however, takes too long in practice. With the proposal of the transXend detector, which measures x-rays as current and gives an energy distribution of incident x-rays, the ES method can be employed in practical use. CT values determined by the ES method were found to be more than ten times as sensitive as values determined by the electric current method. Reductions in exposure dose and the quantity of iodine contrast media are expected. 
